A Bacillus subtilis prfB45 mutant grew at 42 C, but its sporulation was severely defective at 37 C. Sporulation-specific induction of kinA, spo0A, and spo0H genes was inhibited in the mutant. The effects of temperature up-shift and down-shift on sporulation of the prfB45 mutant was observed at an early stage of sporulation. UGA readthrough frequency at non-permissive temperatures for sporulation was higher in the mutant than in the wild-type strain. Temperaturesensitive sporulation of the prfB45 mutant was suppressed by mutations in rpsL coding for S12 of ribosomes, required for accurate termination of translation. Additionally, spontaneous second-site mutations that suppressed the sporulation phenotype of the prfB45 strain were found in the rpoB gene. These results suggest that accurate termination of translation is required for proper initiation of sporulation.
The Gram-positive sporulating soil bacterium Bacillus subtilis is a well-studied microorganism in the fields of genetics, molecular biology, and genome biology. One of the major subjects is the study of the sporulation process, especially the initiation of sporulation. The products of the spo0A and spo0H genes, which code for response regulator of the multi-component signal transduction system, so-called phosphorelay [1] [2] [3] [4] and alternative sigma factor, ' H , [5] [6] [7] [8] [9] respectively, play a key role in the initiation of sporulation. The spo0A gene product, Spo0A, is converted to an active and phosphorylated form, Spo0A$P, via a phosphorelay pathway consisting of a sensor kinase, KinA, and the phosphotransfer proteins Spo0B and Spo0F. [1] [2] [3] The spo0A gene has two promoters: a vegetative promoter, which is recognized by principal and essential ' A , and a sporulation-specific promoter, from which transcription depends absolutely on Spo0A$P and ' H . 4) While the key regulators and mechanisms specific to the initiation of sporulation have been well studied, the physiological changes occurring within a B. subtilis cell at the transition state between the vegetative and the sporulation phase are still under investigation.
Since the initiation of sporulation is followed by cessation of the growing state, it is conceivable that the mechanisms that regulate the growing and sporulating states are not separable. In fact, several genes are known to be required for both vegetative and sporulation phases. Many genes involved in cell division are used for asymmetric septum formation during the sporulation phase, viz., ftsA, ftsZ, etc. 10) A gene, secA, codes for SecA protein, which is the one of the essential components of the translocator of secretory proteins in most bacteria and plastids in plant cells. [11] [12] [13] In B. subtilis, secA was first described as one of the genes controlling the initiation of cell division [14] [15] [16] and, after determination of the nucleotide sequence, it was found to be the bacterial secA gene. 17, 18) Two mutants of B. subtilis secA, secA341 and secA12, have been isolated and characterized. [19] [20] [21] [22] The secA341 mutant exhibits pleiotropic phenotypes on cell division, autolysis, development of competence, sporulation, spore outgrowth, and secretion of extracellular enzymes that appear to be essential for vegetative growth. 15, 16) Sporulation of the secA341 mutant was inhibited at 37 C, a sublethal temperature, while the vegetative growth of this mutant is retarded appreciably at temperatures higher than 37 C. 15, 16) It is unclear whether the temperature sensitivity of sporulation in the secA341 y To whom correspondence should be addressed. Tel: +81-48-858-3760; Fax: +81-48-858-3384; E-mail: asai@molbiol.saitama-u.ac.jp Abbreviations: Rif R , rifampicin resistant; Sm R , streptomycin resistant; RF, releasing factor mutant is due to a toxic effect of abortive SecA protein during the vegetative phase. Meanwhile, the secA12 mutation was isolated as a sporulation-defective mutation that allowed vegetative growth of the secA341 mutant at a temperature higher than 37 C. 22) In B. subtilis, the secA gene and its downstream gene, prfB, constitute an operon. 23) Gene, prfB, is also indispensable for growth, and codes for the RF2 protein, which recognizes UGA and UAA stop codons and helps translation-terminated peptides to release from ribosomes. RF1 recognizes UAG and UAA stop codons. 24, 25) In the course of isolation of the secA12 mutant, we obtained a novel sporulation-defective mutation, prfB45, residing in the prfB gene. A mutation in the prfB gene has also been reported to block the initiation of sporulation in B. subtilis. 26) In order to investigate further the role of the prfB gene during the initiation of sporulation, we have studied prfB45 mutant phenotypes.
Materials and Methods
Bacterial strains. The B. subtilis strains used in this study are listed in Table 1 . All genotypes used in this study were introduced into UOT1285 by transformation. UOT1285 was used as the wild-type strain in this study.
Growth, transformation, and sporulation media. B. subtilis strains were grown aerobically with shaking at appropriate temperatures. LB medium 27) was used for growth of cells. Spizizen's salts medium, 28) supplemented with 1 mM MnCl 2 and the required amino acids (50 mg/ml), were used as the minimal medium and also as the transformation medium for B. subtilis. When necessary, 0.05% yeast extract was added. The composition of the sporulation medium was 2 Â SG sporulation medium supplemented with 0.1% (w/v) glucose. 19 ) After 24 h of incubation at appropriate temperatures, heatresistant spores (80 C for 10 min) and viable cells were counted. The following antibiotics were added to the media: for selection of B. subtilis transformants, streptomycin (50 to 1,000 mg/ml), chloramphenicol (5 mg/ ml), and kanamycin (5 mg/ml), and for selection of E. coli transformants, ampicillin (50 mg/ml) and kanamycin (20 or 100 mg/ml).
Isolation of temperature-sensitive sporulation mutants of prfB. A 6.1 kb PvuII fragment of 0105-secA þ -prfB þ DNA (including the 4.1 kb Cfr13I fragment of the B. subtilis genome DNA encompassing the whole secA gene and a part of the prfB gene) 17) was cloned with PvuII-digested pBR322, and the resulting plasmid was designated pBSA. E. coli MC4100 (F À (argF-lac-Z)U169 araD139 rpsL150 ptsF25 flbB5301 rbsR deoC relA1) cells harboring pBSA were cultured in CI medium, which was made by combining 10 ml of 1 Â minimal medium, 28) 0.1 ml of 50% glucose, 0.05 ml of 1 M MgSO 4 , 0.06 ml of 5% Casamino acid (BD, Tokyo), and required auxotrophic supplements. The cells were harvested when the OD 660 of the culture reached 0.25, and were treated in 1 Â minimal medium with 200 mg of N-methyl-N 0 -nitro-N-nitrosoguanidine (MNNG) per ml at 37 C for 30 min. The mutagenized cells were then grown in 5 ml of LB medium overnight at 32 C. The plasmid DNA containing the secA gene, pBSA, extracted from the mutagenized cells, was linearized with BamHI and used to transform the B. subtilis secA341 mutant. Then the cells were plated on 2 Â SG sporulation medium supplemented with 0.1% (w/v) glucose, and incubated at 42 C. Among approximately 10 4 ts þ transformants, we obtained several sporulation-defective mutants, which grew at 42 C. Among these mutants, one possessed a mutation in the prfB gene.
Isolation of extragenic suppressor mutation conferring efficient ability to sporulate at high temperatures. A temperature-sensitive sporulation mutant, prfB45 strain, was grown in 2 Â SG medium supplemented with 0.1% (w/v) glucose at 32 C for 24 h and plated on 2 Â SG plates after heat treatment at 80 C for 10 min. Several mutants with a suppressor mutation that sporulated well at 32 C were obtained. To exclude the intracistronic suppressors among them, intracistronic mutations were confirmed by judging from high frequency of cotransformation with the prfB45 mutation.
-Galactosidase assay. The B. subtilis strain carrying the spo0A Ps promoter-lacZ transcriptional fusion on 0CAZ6 and kinA-and spo0H-lacZ translational fusions were made as described previously. 4, 9) B. subtilis cells were grown at the indicated temperatures with shaking in the medium. Samples of the culture were withdrawn for -galactosidase activity determination as described previously. 19) One unit is 1000 Â A 420 /OD 660 /ml/min.
Measurement of nonsense readthrough in vivo. Measuring the degree of repression of lacZ expression with LacI protein possessing the nonsense mutation was performed as previously described. 29) This assay system is called ''LacZ-LacImut system'' hereafter. Cells were cultured with or without 10 mM IPTG. After they were grown to mid logarithmic phase, cells were harvested and -galactosidase activities were measured. The nonsense readthrough frequencies were expressed as induction ratios: the -galactosidase activity of the culture supplemented with IPTG divided by the activity of the culture without IPTG.
A mutant form of the lacZ gene was constructed as follows; the DNA fragment containing the spac promoter of pMutinT3 30) digested with BglII and BamHI was inserted into the BamHI site and ligated with the lacZ gene of pDL2.
31) The resulting plasmid was designated pMSL1. For the purpose of mutagenesis of the lacZ gene, the BamHI-SacI digested fragment of pMSL1 was inserted into pKF19k (Takara, Japan). The resulting plasmid was used for site-directed mutagenesis on the basis of the Mutan-super express Km Kit (Takara) using the synthetic primer 5-tccgctgTGAtacacgct, where capital letters indicate the 394th codon substituting from TGG (Trp). The correct substitution was confirmed by DNA sequencing, and the EcoRV-SacI fragment of the resulting plasmid was ligated with a large fragment of pMSL1 digested with EcoRV-SacI. The resulting plasmid was designated pMSL2. Plasmids pMSL1 and pMSL2 were linearized and introduced into the B. subtilis genome by a double crossover event at the amyE locus, followed by selection of transformants by means of chloramphenicol resistance, to give lacZ integrated strains. To allow repression of lacZ transcription, a plasmid overproducing LacI, pMAP65, 32) was introduced in B. subtilis with selection of the transformants by means of kanamycin resistance.
Results
Isolation of a sporulation-defective prfB mutant A mutant that showed a sporulation defective phenotype but not a temperature sensitive phenotype at 42 C was isolated, as explained in ''Materials and Methods.'' In order to show that this mutation was in the prfB gene and actually caused the phenotype, we did experiments for confirmation as indicated below. This mutation was genetically linked to the secA341 mutation at a frequency of about 80% by transformation, suggesting that it resided adjacent to the secA gene or within the secA gene. We sequenced the entire region of the prfB gene and found only one nucleotide transition, changing Gly (GGT) to Asp (GAT) at the 196th amino acid from first fMet. This Gly residue is located eight amino acids upstream of tripartite amino acids that are required for translation termination fidelity. 33) The mutant grew at 42 C but not at 50 C. This temperature-sensitive phenotype was reversed by transformation using the DNA fragment encompassing only the prfB gene. Hence, we designated this mutant prfB45, used in this report hereafter.
Characterization of prfB45 mutant As described just above, the prfB45 mutant cells were able to grow at all temperatures tested up to 42 C (data not shown), although no colonies formed above 50 C. But sporulation of the prfB45 mutant was impaired at 32 C. This effect was gradually promoted by elevating the temperature from 37 C to 40 C, where viable cells were slightly decreased (Table 2 ). These observations are similar to those reported previously by Karow et al. 26) They reported that the prfB mutation, prfB1, is likely to inhibit the early event of sporulation. To determine which step during spore development was temperature-sensitive in the prfB45 mutant, we performed temperature up-shift and down-shift experiments (Fig. 1) . When the culture of prfB45 mutant cells in sporulation medium incubated at the 40 C was shifted down to 32 C, sporulation frequency was severely reduced after down-shifting after T 1 , where the attached number indicates h before and after the onset of sporulation. On the other hand, up-shifting from 32 C to 40 C at a time later than T 0 gradually allowed cells to sporulate. Although it is possible that the prfB45 mutation still affected spore development later than T 1 , these results indicate that the temperature-dependent The experiment was repeated at least three times and representative data are shown.
sporulation deficiency of the prfB45 mutant principally occurred at the initiation of sporulation between T 0 and T 1 . We further tested whether the prfB45 mutation would also block the initiation step of sporulation. If the prfB45 cells do not initiate sporulation, induction of the transcription of several genes, such as spo0A and kinA, necessary for the initiation step is inhibited. 7) To monitor the expression of spo0A and kinA, we introduced the spo0A Ps-lacZ fusion or the kinA-lacZ fusion gene into the genome of prfB45 cells. The activity ofgalactosidase derived from both spo0A Ps-lacZ fusion and the kinA-lacZ fusion genes of prfB45 cells growing in sporulation medium at 37 C was strongly reduced to the background level as compared with those of prfB þ cells, which were induced after the onset of sporulation ( Fig. 2A and B) . Thus, the activities of two '
H -dependent promoters were inhibited by prfB45. We considered whether the prfB45 mutation would alter ' H activity after the onset of sporulation. We examined the expression of a spo0H-lacZ translational fusion in prfB45 mutant strains during the early stage of spore development (Fig. 2C) . At the vegetatively growing phase, spo0H-lacZ expression occurred equally in both the prfB þ and the prfB45 strain, while the induction of spo0H-lacZ expression after the onset of sporulation was inhibited by prfB45.
Readthrough frequency of the prfB45 mutant strain Peptide releasing factor II (PrfB; RF2) recognizes UGA and UAA stop codons, terminates translation, and releases peptides from ribosomes. 25) It has been reported that the TGA nonsense mutation is suppressed by the prfB mutation in B. subtilis.
26) It was suggested that, in the prfB45 mutant, the level of readthrough of UGA was higher than in the prfB þ strain. To investigate whether The cells were cultured in 2 Â SG medium with 0.1% glucose at 37 C. Expression of -galactosidase in prfB45 mutant strains carrying a spo0A-Ps-lacZ fusion (A), kinA-lacZ fusion (B), and spo0H-lacZ fusion (C) is shown. Abscissa indicates time in h preceding or following the end of exponential growth, which is designated T 0 . Samples of the culture were withdrawn for -galactosidase activity at the indicated times. Symbols: open circles, UOT1285 (prfB þ ); closed circles, UOT1845 (prfB45).
the reduction in sporulation rate in the prfB mutant was due to the high level of readthrough of stop codons, we used an in vivo nonsense readthrough assay system constructed elsewhere. 29) We used formerly constructed B. subtilis strains harboring the LacZ-LacImut system, where one of the three nonsense mutations, TGA, TAG, and TAA, was introduced in the lacI gene. The LacZ activity depending on the LacI function was monitored by measuring -galactosidase activity. In this system, when the readthrough level was high, the LacI was produced at amounts sufficient to repress the transcription of the lacZ gene. The activity of -galactosidase was varied accordingly to the level of readthrough. Then the addition of IPTG can completely release the repression of lacZ transcription by LacI. As shown in Table 3 , in the prfB þ strain, LacZ activity was constant regardless of the addition of IPTG, showing sufficient amounts of LacI were not produced in the presence of TAG and TAA nonsense mutations in the lacI gene. The LacI with the TGA mutation was slightly produced in the prfB þ strain. The TGA is a leaky stop codon in B. subtilis, as described previously. 29) In the prfB45 mutant, LacI was significantly produced only when the TGA stop codon was introduced in the lacI gene, suggesting that the level of readthrough of UGA was high at 37 C, at which sporulation was severely inhibited. Next we tested the temperature effect on the level of readthrough of UGA in the prfB45 mutant (Table 4 ). Contrary to our expectation, the level of readthrough of UGA in prfB45 cultured at 30 C, where sporulation was almost normal, was similar with that in prfB45 cultured at 37 C. Since the readthrough frequency in the prfB45 mutant was high even at 30 C, it was difficult to observe the temperature effect on UGA-readthrough (Table 4) . Hence we constructed an alternative assay method, in which the TGA-nonsense codon is introduced into lacZ gene and mutant lacZ is integrated into the amyE locus of the B. subtilis chromosome. Expression of the lacZ gene was repressed by pMAP65-encoded LacI. Next we directly measured the level of readthrough as the amount of LacZ produced through suppression of the nonsense mutation after the addition of IPTG (Fig. 3) . Thegalactosidase activity of the wild-type lacZ gene was increased after the addition of IPTG in the prfB þ strain Cells were cultured in minimal medium at 37 C. At least three independent experiments were performed, and the average values are indicated. Standard deviations were within 20%. Cells were cultured in sporulation medium. At least three independent experiments were performed, and the average values are indicated. Standard deviations were within 20%. cultured at both 30 C and 37 C. This profile was also the same as in the prfB45 mutant strain, although the activity observed at 30 C was slightly lower than that in the prfB þ strain for an unknown reason. LacZ activity in the prfB þ strain almost completely lost when the TGA nonsense mutation was introduced into the lacZ gene, regardless of the temperature, while lacZ activity increased significantly in the prfB45 mutant strain cultured at 37 C as compared with those cultured at 30 C. These results clearly indicate that the UGA stop codon was suppressed by the readthrough effect caused by the prfB45 mutation and that the level of readthrough was increased as the temperature increased. S12 mutants compensate for temperature-sensitive sporulation phenotype caused by prfB45
As described above, it appears that the level of readthrough was proportional to the decrease in sporulation frequency, since both events were enhanced by temperature increases. Next we tried to confirm these findings. Formerly we analyzed the mutant form of ribosomal protein S12, which altered the accuracy of translation. 29) If the defect in sporulation initiation in the prfB45 mutant was related with the high level of UGA readthrough, the sporulation of prfB45 could be recovered by the reduction in readthrough. Hence we introduced some mutations of the rpsL gene coding for S12 into the prfB45 mutant, and tested for sporulation and measured the level of UGA readthrough by the LacZ-LacImut system ( Table 5 ). The rpsL1 mutation resulted in an increase in UGA readthrough, while the rpsL2 and rpsL3 mutations resulted in increased accuracy. 29) In the prfB45 and rpsL1 double mutant, the frequency of sporulation was synergistically decreased relative to that in the prfB45 mutant and was severely impaired even at 30 C. Additionally, the level of UGA readthrough in the prfB45 and rpsL1 double mutant was slightly increased compared to that in the prfB45 mutant at 37
C. On the other hand, the rpsL2 and rpsL3 mutations suppressed the defective phenotype of sporulation of prfB45 at 37 C. The rpsL2 and rpsL3 mutations also reduced the level of UGA readthrough caused by the prfB45 mutation. The frequency of sporulation was recovered proportionally to the reduction in the frequency of readthrough. These findings suggested that the altered levels of readthrough at the UGA stop codon might influence the initiation process of sporulation.
Extragenic suppressor mutants compensated for temperature-sensitive sporulation phenotype caused by prfB45
As described above, initiation of sporulation was inhibited by high levels of UGA readthrough caused by the prfB45 mutation. In order to investigate further the relationship between initiation of sporulation and termination of translation, we tried to isolate spontaneous suppressor mutants of the prfB45 strain that can sporulate at a level similar to that of the wild-type strain. The suppressor mutants, UOT1851 and UOT1854, of which the parental strain was UOT1845, showed efficient sporulation at 37 C (1:20 Â 10 8 and 3:90 Â 10 7 spores/ml, respectively). These suppressor mutants still had the prfB45 mutation, indicating that these suppressor mutations restored the injured function(s) of RF2 at high temperature.
The mutation sites in the suppressor mutants were mapped in a region close to the rpoB gene encoding the subunit of RNA polymerase, judged by cotransformation frequencies with several genetic markers such as Rif R and Sm R (data not shown). The whole rpoB gene containing the suppressor mutations was sequenced, and both mutation sites were detected within the coding region of the rpoB gene, resulting in single amino acid substitutions of Arg for His at position 917 and of Lys for Phe at position 1064 in UOT1851 and UOT1854 respectively. The mutation sites in UOT1851 and UOT1854 were designated rpoB917 and rpoB1064 respectively. The rpoB917 mutation at position 917 lies in a highly conserved region, ''H,'' that is contacted by the 3 0 terminus of nascent transcripts in a productive elongation complex. 34) On the other hand, the rpoB1064 mutation at position 1064 is within a conserved region, ''I,'' containing residues that crosslink to initiating nucleotide analogs. 35) Conserved region, ''I,'' also participates in interaction with the 3 0 -end of DNA and RNA of the ternary complex.
36) It has also been reported that regions ''H'' and ''I'' are central to the assembly of RNA polymerase and participate in binding to both and 0 subunits. 37) These observations, together with the sequence results of suppressor mutants, imply that the suppressor mutations residing in the rpoB gene alter the assembly of the core enzyme and/or the elongation activity of transcription in the prfB45 mutant.
Discussion
In the transition state from the vegetative phase to the sporulation phase, rapidly growing and dividing cells stop growing. At the same time, the final round of DNA replication occurs, and each chromosome segregates into two different types of cells, forespore and mother cells. 38) Hence some of the genes expressed and required for growth during the vegetative phase might be related to a mechanism to initiate sporulation, although some sporulation initiation genes were expressed at low levels during the vegetative phase. The B. subtilis secA gene was initially identified as the gene whose mutation pleiotropically affected cell division, competence, secretion of exoprotein, and sporulation.
16) The secA gene plays an essential role in growth as the translocator for secretion. 11, 12) prfB is the essential gene that regulates the termination of translation, 25) and constitutes an operon with the secA gene in B. subtilis 23) and among low G+C gram-positive sporulating bacteria. In this report, we explain that the prfB mutation caused a sporulation-defective phenotype similar to the secA mutant in B. subtilis.
Mutations in prfB are known to lead to nonsense suppression, most often causing inefficient reading or misreading of UGA stop signals by incorporating alternative amino acids, resulting in increased frameshifting and temperature-sensitive or toxic phenotypes in E. coli. 39, 40) For complete translation of mRNA transcribed from prfB, þ1 frameshifting during translation of mRNA to circumvent the 26th codon, which is an inframe stop codon, is required. 41) When the RF2 protein is decreased and the UGA stop codon recognition is retarded, the ribosome pauses at the stop codon and this results in slipping of translation and complete translation of RF2 mRNA. Therefore, the synthesis of RF2 is regulated by RF2 itself. In fact, the PrfB protein was more produced over in the prfB45 mutant than in the wild-type strain (data not shown). This indicates that the function of RF2 is lost in the prfB45 mutant. When UGA is not recognized as a stop codon signal, it can be decoded alternatively as tryptophan at low efficiency in B. subtilis. 42) In this study, we used the lacZ or lacI gene, where the UGA stop codon was introduced. Although we did not confirm whether the amino acid decoded was actually tryptophan, active LacZ or LacI was produced in the prfB45 mutant. Together with the fact that the prfB45 strain showed temperature-sensitive growth, these observations indicate that a mutation of prfB in B. subtilis caused phenotype identical to that observed in E. coli.
The prfB45 mutation caused a highly frequent readthrough rate of the UGA stop codon. The amino acid sequences of RF2 important for recognition of the UGA codon are reported to be located at the 205th to 207th amino acids from the first methionine. This tripartite amino acid, Ser-Pro-Phe, recognizes stop codons of mRNA. Amino acids around the tripartite amino acids are also required for translation termination fidelity. 33) The amino acid substituent in the mutated form of prfB45, Gly to Asp, is located eight amino acids upstream of the tripartite amino acid. The Gly residue was not examined previously but was highly conserved between almost all prokaryotic RF2s. It is possible that the Gly residue is important for the recognition of stop codons. In our results (Table 2) , the readthrough frequency of the UAA stop codon was identical to that of the wild-type strain. While the UAA stop codon is known to be recognized by RF2 as well as RF1 in E. coli, 25) the prfB45 mutation may specifically affect the UGA codon recognition of RF2.
The toxic phenotype caused by incomplete RF1 function was suppressed by an altered function of ribosomal protein S4 in E. coli. 43) Previously isolated mutations of rpsL coding for the S12 subunit of ribosome, rpsL2 and rpsL3, significantly reduced the readthrough frequency at the UGA stop codon as compared to that in the wild-type B. subtilis strain. 29) Probably, these mutations affect tRNA selection at the ribosomal A site by changing the conformation of rRNA, resulting in increased accuracy. 44) Some rpsL mutants show an asporogenous phenotype. 45) When this type of rpsL mutation was introduced into the prfB45 strain, readthrough frequency was reduced to a level similar to that of the wild-type strain. On the other hand, the rpsL1 mutation, which provoked enhancement of the translational error, 29) synergistically raised the readthrough frequency of the UGA stop codon when it coexisted with prfB45. These results indicate that both S12 and RF2 were individually involved in recognition of the UGA stop codon at translational termination. No increase in readthrough frequency in a rpsL mutant was detected by the mutated lacZ assay used in experiment shown in Fig. 3 (data not shown) . This indicates mutated lacZ assay can measure high readthrough frequency compared with the LacZ-LacImut system, and that readthrough frequency in the prfB45 was higher than in the rpsL mutant. Frequent frameshifts and/or readthroughs of the UGA stop codon caused by the mutated form of RF2 supposedly brought about incomplete translation and accumulation of abnormal proteins in the prfB45 strain growing at high temperatures. Above 50 C, the prfB45 strain did not grow. On the other hand, at 37 C, the cells grew, but sporulate not efficiently. Nonetheless, the S12 mutation did not suppress the temperature-sensitivity for growth of the prfB45 strain, suggesting that the S12 mutation can compensate only for the defectiveness of sporulation in the prfB45 mutant. In fact, RF2 function is indispensable for growth, since attempts to disrupt the prfB gene could not be accomplished. This suggestes that unexpected production of abnormal proteins is strictly undesirable for sporulation initiation rather than for vegetative growth. Initiation of sporulation was susceptible to alteration in readthrough frequency of the UGA stop codon, and the efficiency of spore formation depended on the accuracy of translation termination.
In the prfB45 mutant at 37 C, induction of spo0H-dependent induction of spo0A and kinA was inhibited, and the expression of a spo0H-lacZ translational fusion was not induced. It is possible that sufficient amounts of the spo0H gene product, '
H , for the initiation of sporulation was not produced in the prfB45 mutant. The ' H protein accumulated during the early stage of spore development through both transcriptional and post-transcriptional mechanisms. 8, 9) In this study, the defect in sporulation caused by prfB45 was also suppressed by a rpoB mutation. It has been reported that instability of ' H caused by a temperature-sensitive mutation of sporulation residing in the spo0H gene can be suppressed by an rpoB mutation. 46) Hence it is possible that the stability of ' H or the formation of RNA polymerase core enzyme might be related to the RF2 function at the sporulation initiation phase. Otherwise, it is possible that, if transcription cannot be performed efficiently by the altered form of RNA polymerase, overall production of protein translation is retarded and, at the same time, abnormal protein production also decreases in cells, finally resulting in suppression of sporulation.
Some key factors important in the initiation of sporulation, whose translation was terminated at the UGA stop codon, and accurate translation entirely dependent on PrfB function might be specifically arrested in the prfB45 mutant. In our preliminary search, the number of ORFs whose translation is terminated with UGA is not very abundant, about 24% of total ORFs. Among proteins coded by those ORFs, some key factors for triggering initiation of sporulation might exist. However, the abortive termination of translation may cause unexpected damage to cells. Therefore, the direct effect of the prfB45 mutation on sporulation is still under consideration. Further studies are required to elucidate this point.
